Very short-term visual memory is often studied using partial report of alphanumeric characters to measure cue-delay effects. Although such cue-delay effects have been extensively studied, few studies have considered noncharacter stimuli, and those few were mixed in their conclusions. Here, three experiments pursued the cue-delay effect for discrimination judgments ofnoncharacter stimuli, such as the length of a line or the shape of a rectangle. In the line-length experiment, four lines were presented, with an auditory cue indicating one of the lines, and then a single line was presented. The observers discriminated between the length of the cued line in the first display and the length of the single line in the second display. The cues were presented either before or after the four-line stimulus. A cue-delay effect was found for these stimuli. Lengthdifference thresholds nearly doubled for cues presented 500 msec after the first display, compared with cues presented 500 msec before. A further experiment revealed a similar cue-delay effect for shape discrimination of rectangles. One reason this effect may not have been reported reliably is that it is largely evident for precues, and most previous studies used primarily postcues. In summary, the cue-delay effect is general to noncharacter stimuli.
Experiments on very short-term visual memory have often demonstrated a rapid loss of information over time intervals of less than a second (Sperling, 1960) . This effect has been studied primarily with stimuli consisting of alphanumeric characters; only a few studies (e.g., Treisman, Russell, & Green, 1975 ) have examined noncharacter stimuli. Furthermore, some investigators (e.g., Haber, 1983) have criticized the existing studies and argued that the rapid loss of information does not generalize beyond character stimuli. To better resolve the question of generality, the present study measured cue-delay effects for noncharacter stimuli.
Background
Interest in very short-term visual memory was awakened by the introduction of the partial-report task (Sperling, 1960) . In such tasks, a multiple-row display of letters is presented, followed by an auditory cue indicating which row is to be reported. Report accuracy is measured as a function of the delay between stimulus offset and cue onset. With increasing cue delay, there is a decrease in the probability of a correct report. This cuedelay effect has been replicated often (e.g., Averbach & Coriell, 1961; Chow, 1985; Treisman et al., 1975) . The cue-delay effect may be accounted for by several different hypotheses. It may represent forgetting from a very short-term visual store (Rumelhart, 1970; Sperling, 1969) ; it may represent forgetting of associations within a post-I thank Vincent Di Lollo, Dave Irwin, Beth Kerr, Lester Krueger, Delwin Lindsey, Geoff Loftus, Mark Reinitz, Steve Yantis, and Zelda Zabinsky for comments on early versions of the manuscript. I also thank Ray Slettevold for help in conducting the experiments. This work was supported in part by a grant from the Graduate School of the University of Washington (PHS RR-07096). Correspondence should be addressed to John Palmer, Department of Psychology, NI-25, University of Washington, Seattle, WA 98195. categorical store (Coltheart, 1980; van der Heijden, 1984) ; or it may represent a side effect of completing perceptual processing (Di Lollo, 1980; Haber, 1983; Schulz, 1980) . As a step toward evaluating these alternative hypotheses, it is useful to establish the generality of the cue-delay effect. First, the method of cuing can be varied. In addition to an auditory cue to visual location, cues can include visual location, color, brightness, size, and shape (e.g., Turvey & Kravetz, 1970; von Wright, 1968) . These studies indicate that any simple perceptual attribute can be used as a cue (but see Duncan, 1983; Merikle, 1980) . Second, the procedure used to demonstrate the phenomenon of persistence can be varied. Alternative procedures include subjective persistence, temporal integration, and study-test paradigms (e.g., Di Lollo, 1980; Farrell, 1984; Meyer & Maguire, 1977; Phillips, 1974) . However, Coltheart (1980) and others (e.g., Irwin & Yeomans, 1986) have argued that these alternative paradigms measure something different from what is measured by partial report. Therefore, I will restrict my attention to partialreport-like tasks. Third, the kind of information tested can be varied. Using partial report of characters, measurements have been made of cue-delay effects for both character location and character identity (e.g., Chow, 1986; den Heyer, 1972; Dick, 1969; Mewhort, Campbell, Marchetti, & Campbell, 1981; Townsend, 1973) . These studies have proven to be controversial, and there is disagreement about whether the cue-delay effects are similar for the two kinds of information.
There is a fourth generalization: Stimuli can be something other than characters. Studies attempting to generalize cue-delay effects to noncharacter stimuli are the focus of this article.
Perhaps the most comprehensive study using noncharacter stimuli was done by Treisman et al. (1975) . They Copyright 1988 Psychonomic Society, Inc.
278 Figure 1 . A schematic illustration of the display sequence. A fixation display is followedby a study stimulus, followedby a test stimulus, separated by intervals in which no stimulus is visible. Durations and intervals between the displays are given on the right. In this example, an auditory postcue of low frequency was presented to the right ear to indicate which line was to be tested. For preeues, the cue was presented before the study stimulus. o Time experiments in that a comparison within the display was not required. Second, cues were presented both before and after the display to provide further opportunity for a cue-delay effect (see Eriksen & Collins, 1969) . Third, the entire psychometric function was measured and the results summarized by the difference threshold for a given performance level. The last modification avoided floor and ceiling effects, avoided inducing different strategies for particularly easy or hard conditions, and provided a measure of the size of the cue-delay effect in terms of the stimulus.
The Task
The experiments applied psychophysical methods to the partial-report paradigm. In the prototype experiment, a length discrimination is required for one of several lines in a multiple-line display (Palmer, 1988) . Figure 1 depicts a typical display sequence. The sequence of visual stimuli in a trial begins with an initial fixation display, followed by a study stimulus, followed by a test stimulus. Between displays are intervals in which no stimulus is visible within the circular aperture. The study stimulus consists of four lines arranged around a fixation point, and the test stimulus consists of a single line at one of the same positions.The observer's task is to judge whether the test line is longer or shorter than the study line in the studied cue-delay effects using shape and movement judgments of circular dot patterns. The shape judgment was to discriminate which side of the pattern had a missing dot, and the movement judgment was to discriminate the direction in which the pattern rotated. The discriminability of these two judgments was equated by adjusting the contrast of the pattern. The partial-report procedure was implemented using an auditory cue specifying a particular item from a set of six. The results showed cue-delay effects for both shape and movement. Similarly, cue-delay effects for naming color patches were shown in another study (van der Heijden, 1984) . In contrast, no cue-delay effect was found for comparing line length within a display (Schulz, 1980) , little effect was found for reporting the direction of linear movement (Demkiw & Michaels, 1976) , and no consistent effect was found for recognizing nonsense forms (Schulz, 1982; Steffy & Eriksen, 1965) .
Some (e.g., Haber, 1983) have criticized the studies that have shown a cue-delay effect for noncharacter stimuli. For example, in Treisman et al. (1975) , the subjects were screened to include only those showing a partial-report advantage over full report; 5 of 17 subjects were excluded on that basis. As a result, Haber questioned the relevance of the result to the population as a whole. Another concern raised in the Treisrnan et al. study is that the effect of cue delay interacted with other characteristics of the displays, such as spatial position, expectations about partial versus total report, and the homogeneity of the stimuli. These dependencies indicate that the cue-delay effect may not be the same for all stimuli.
The generality of the cue-delay effect may also be limited by other factors. For instance, the cue-delay effect may be specific to stimuli belonging to discrete categories rather than to stimuli belonging to a perceptual continuum. As it happens, all of the noncharacter studies (except that of Schulz, 1980) employed only a few distinctive stimulus values (for example, two opposite directions of movement, or four colors). Such stimuli can be represented by discrete categories.
The only study using continuously varying stimuli was that of Schulz (1980) . In this study, the stimulus contained several rows of two horizontal lines and was followed by a tone indicating which row was to be judged. The subjects were required to judge whether the lines in the indicated row were the same length. A signal detection analysis was used to estimate the sensitivity to line length as a function of cue delay. In two experiments, no reliable difference was found between cue delays of 0 msec and 1,000 msec. Schulz argued from these results that the cuedelay effect was a result limited to certain kinds of stimuli, such as letters.
The present study pursued the generality of cue-delay effects. As in Schulz's (1980) study, stimuli were used that varied in small steps approximating a continuum. However, there were several differences between this study and Schulz's experiment. First, the judgment was made to be more analogous to traditional partial-report same position. This is a memory task, because something about the study display must be remembered during the 2-sec interval until the test display is presented.
An auditory cue is used to indicate which of the four study lines will be tested. The cue indicates a particular stimulus position by frequency and by ear. For example, a high tone to the left ear indicates a stimulus in the upper left of the display. The cue is a 100% valid indicator of the to-be-tested position. The cue simplifies the task for the observer: If there is a memory available at the time of cue that is not available 2 sec later, the observer can make use of the cue to attend to a particular line. Then, instead of having to remember four lines, the observer need remember only a single line. This cued discrimination task is analogous to partial report, in which the cue indicates what stimuli must be remembered for later report.
GENERAL METHOD

Observers
Seven observers were employed across the set of experiments. All were adults from 20 to 40 years of age, all had normal or corrected-to-normal vision, and all were paid $5 per hour (except Observer I, the author). The observers and their identifying numbers were those used in a related study of attention (Palmer, 1988) .
Apparatus
The displays were controlled by a Hewlett-Packard computer (Model 9817) and were presented on a 14-in. cathode ray tube (Hewlett-Packard Model 35122A), which has a greenish, fast-decay P31 phosphor, a 6O-Hz raster refresh, and a resolution of 512 x 390 pixels. The displays were viewed from a distance of 78 em through a 13-cm aperture-reduction screen located 20 cm in front of the display. This combination resulted in a viewing area of 120 in diameter. All displays were black-on-white (i.e., reverse video), thus avoiding possible phosphor persistence following stimulus offsets. The cathode ray tube was lit to an intensity equivalent to a luminance of 170 cd/rrr'. 1 The surrounding reduction screen was a similar light green of matched luminance. The displayed lines had a luminance of 70 cd/nr', yielding a contrast of 1:2.5.
Stimuli
Stimuli in the initial experiments were horizontal lines that were varied from a standard length of 60 min arc. As shown in Figure 1 , four lines were arranged on an imaginary circle 3 0 from a central fixation point. The centers of the lines were always placed on the circle at orientations of 1, 4, 7, and 10 o'clock.
The stimulus sequence is illustrated in Figure 1 . There were three successive displays, with intervals between displays. The fixation point was presented for 2,000 msec, the study stimulus for 50 msec, and the test stimulus for 50 msec. The fixation display was removed 500 msec before the study display and the study display was removed 2,000 msec before the test display.
Auditory cues were presented once, either before or after the study display. Timing relative to the study stimulus is specified by cue delay, which is the interval between study stimulus offset and cue onset. Cues after the stimulus offset have positive cue-delay values and are called postcues; cues before the stimulus offset have negative values are are called precues. A postcue delay is the interval between the stimulus and the cue. For example, a cue delay of 100 msec means that the offset of the stimulus was followed 100 msec later by the onset of the cue tone. A precue delay is the interval between cue onset and stimulus offset, which includes the duration of the cue and the stimulus. For example, a cue delay of -100 msec means that the 50-msec cue tone was followed immediately by the 50-msec stimulus. Thus, the -Ioo-msec cue-delay condition is a successive presentation of cue and stimulus. The cues were presented to either the right or the left ear at either 500 or 3000 Hz. They had a duration of 50 msec and were matched in loudness. Position was indicated by a combination of ear and frequency. The ear to which the tone was presented indicated horizontal position, and the frequency of the tone indicated vertical position. For example, the upper left position was cued by a high-frequency tone to the left ear.
In the test display, the length of the standard line was always 60 min arc. In the study display, there were four lines. Three lines were distractors and one line was the comparison stimulus. The length of the comparison line was selected from a range of plus or minus approximately two times the estimated difference threshold. For example, if the difference threshold was estimated to be 6 min arc for a 6O-min-arc standard, then comparison lines were between 48 and 72 min arc. The length of each distractor line was chosen from the same 48-to 72-!nin-arc interval. In summary, the discrimination was between a 6O-!nin-arc standard in the test display and a variable comparison in the study display.
Procedure
Observers were instructed to make a two-alternative forced-ehoice discrimination of line length. Following the test display, they pressed one key if they thought the test line was shorter than the corresponding study line andanother key if they thought the test line was longer. There was no time pressure, and response accuracy feedback was provided by tones. An adaptive procedure (the 3:1 rule; Levitt, 1971) was used to select study stimuli from the four to eight lengths that were near the difference threshold. The psychometric function was formed as the proportion of "longer" responses as a function of the change in length. The function was fit to a cumulative normal by probit analysis (Finney, 1971) , and the difference threshold was defined as half of the difference between the length that produced the response "longer" 25% of the time and the length that produced "longer" 75% of the time.
Both between-and within-subjects analyses are presented. For between-subjects analyses, the difference thresholds were determined for each observer and statistics were calculated from the sample of observers; for the within-subjects analyses, the difference thresholds were determined for individual blocks of an observer and statistics were calculated from the sample of blocks for an individual observer. Trials were presented in blocks of32 or 48 trials, and a session consisted of 8 to 10 blocks. One session was conducted per day. Each observer participated in at least 11 practice sessions in size discrimination before any data for this study were collected. In addition, before each experiment, observers participated in 1 or more specific practice sessions for that experiment. This resulted in at least 3,800 practice trials per observer.
EXPERIMENT 1
The first experiment measured the cue-delay effect for line length. Length-difference thresholds were estimated at cue delays ranging from -500 to 500 msec. The use of negative cue delays (precues) followed that of Eriksen and Collins (1969) , who argued that the perception of the cue takes time and thus a precue of perhaps 150 msec may effectively be simultaneous with the stimulus. Eriksen and Collins supported this possibility by showing that partial report of letters improves as cues are presented up to ]50 msec before stimulus offset.
Observer 7 never made detectable saccades, whereas Observer 3 made detectable saccades on 89% of the trials. Observers 1 and 11 made saccades on 61 % and 2S % of their trials, respectively. Because of these saccades, the low difference thresholds in the -SOO-mseccondition may be due to foveation of the stimulus. For this reason it may be more appropriate to compare the -120-and SOomsec cue delays to avoid possible effects of eye movement. The thresholds for these two conditions differed by O.IS±O.03 log min arc [t(6) = S, p < .001] and were reliable for 4 of the 7 observers. Thus, even when the earliest cue-delay condition is excluded because of possible eye movement, a cue-delay effect remains.
In Experiment 2, the cue-delay effect was measured for shape discrimination of outlined rectangles. Demonstrating that shape judgments show cue-delay effects similar to that found for the size judgment of Experiment 1 would help to further establish the generality of these effects for different kinds of stimuli.
EXPERIMENT 2 Discussion
All 7 observers showed an increase in difference threshold as the cue delay was increased. The size of the effect can be conservatively measured by comparing -120-msec and Soo-msec conditions to yield a 40% increase in the mean difference threshold. Thus, the cuedelay effect is found consistently for line-length discrimination.
The -Soo-msec cue delay showed a substantial further improvement in the difference threshold compared with the -120-msec cue delay. Such a dramatic improvement for early precues was not found for the partial report of characters (Eriksen & Collins, 1969) . This large precue advantage may be due to eye movement or to an advantage of an early shift in attention. Perhaps it would also be found with characters if ceiling performance was avoided. These issues will be taken up in Experiment 3; but first, the generality of Experiment 1 will be extended further.
Method
The stimuli were outlined rectangles varying around a standard of 40 min arc height X 80 min arc width. To obtain shape-difference thresholds, the shape was elongated by changing the width and height by equal but opposite amounts, thus maintaining a constant perimeter. Figure 3 shows a sample study display containing four rectangles and a test display containing a single rectangle. In the study display, the elongation of the rectangles was varied; in the test display, the single rectangle was always the standard elongation. Observers judged the direction of elongation change from study to test. For example, Figure 3 shows a test rectangle that is more elongated than the corresponding study rectangle. Difference thresholds were calculated in terms of min arc of elongation. For example, a 2-min-arc elongation-difference threshold denotes that comparison stimuli of either 38 X 82 or 42 X 78 were discriminable on 75 % of the trials from the standard of 40 x 80 min arc. Otherwise, the method was identical to that of Experiment 1. Two ob- 
Cue delays of -500, -120, 120, and 500 msec were presented in a mixed list design. Equal numbers of precues and postcues were used to encourage observers to pay attention to the cues. Seven observers participated in four sessions with four cue-delay conditions, yielding 256 trials per condition per observer.
Results
Logarithms of length-difference thresholds are plotted in Figure 2 as a function of cue delay for each observer.
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The mean difference threshold increased from 0.S4+0.03 log min arc at cue delay -SOO msec to 0.83 ±O.OS log min arc at cue delay SOO msec. This is a reliable difference of 0.29±0.04 log min arc [t(6) = 7, p < .001].
In other words, the difference thresholds nearly doubled from the earliest precue to the latest postcue. Furthermore, this difference in the thresholds was reliable for all 7 observers [e.g., for Observer I, t(7) = 6, p < .001].3 Thus, the cue-delay effect is general to line-length discrimination in the entire sample of observers.
The use of precues raises the possibility of eye movement, despite instructions to maintain fixation. To check for this, 4 of the observers were examined after the experiment for eye movement under the conditions of the experiment. A judge watched the observers' eyes. In an initial test, the judge was able to detect 94 % of intentional 3 0 saccades to the line stimuli (based on 32 trials). Next, the judge watched the observers under the conditions of Experiment I (in each case for 32 trials). Observers varied considerably in their judged ability to maintain fixation. The interpretation of any partial-report experiment, such as those discussed here, depends on how the cue acts. The simple assumption is that the cue is only an indicator of the stimulus that is to be remembered. But does the cue have other effects as well? Or, to question the assump-EXPERIMENT 3
Results
Shape-difference thresholds are shown in Figure 4 as a function of cue delay for 2 observers. The difference thresholds are logarithmically scaled in units of min arc of elongation. As in Experiment 1, the difference thresholds increased with cue delay. The difference between the thresholds for the most extreme cue delays was 0.31 ±O.05 log min arc for Observer 3 [t(7) = 6, p <
.001] and O.34±O.08 log min arc for Observer 7 [t(7) = 4, p < .005]. Exclusion of the -5OO-msec cue delay because of possible eye movement leaves a difference between the -120-rnsec and 5OO-msec conditions of O.26±O.05 log min arc for Observer 3 [t(7) = 5, p <
.001] and O.20±O.04 log min arc for Observer 7 [t(7) = 5, p < .001]. Thus, the cue-delay effect found in Experiment 1 generalizes to a shape-discrimination task. tion in a different way, is the cue effective in its purpose of indicating a particular stimulus? One control is to compare the late-postcue conditions to full report (Sperling, 1960) . This late-postcue control addresses the question of whether a late postcue is equivalent to the absence of a cue. Equivalence is predicted if the cue's advantage depends on a memory that is exhausted by the time the late postcue is presented. On the other hand, if the cue also interrupts processing by distracting attention or by changing strategies, then the late-postcue condition might differ from a no-cue condition.
In a second control, a related question is addressed for precues. If a cue is completely successful in indicating a stimulus to be remembered, then a sufficiently early cue should be equivalent to a single-stimulus display. In other words, an early-precue control tests whether the cue makes a multiple-stimulus display equivalent to a singlestimulus display. Alternatively, an early precue might be a more powerful indicator than a single stimulus. For example, an early precue might allow an eye movement or an attention shift that would not be possible with an uncued single stimulus of brief duration. If so, the earlyprecue condition should show better performance than the single-stimulus condition. This was a particular concern in the present experiments, in which the -5OO-msec precue allowed plenty of time for a possible eye movement toward the cued stimulus. Moreover, some observers did appear to make eye movements. If these eye movements were effective in improving performance, then the early-precue condition should have had a lower difference threshold than a single-stimulus condition.
Method
Experiment 3 included both the late-postcue and the early-precue controls. The experiment consisted of two cue conditions and two set-size conditions. Cue conditions were identical to those of Experiment 1, except that the cue delays were limited to -500 and 500 msec. Set-size conditions differed in that there were no audio cues; instead, there was a study set size of either one or four lines. Otherwise, the stimuli and the procedures were identical to those of Experiment 1. Four observers participated in four sessions with four conditions, yielding 256 trials per condition per observer.
Results Table 1 contains the resulting difference thresholds for the 4 observers, with their means at the bottom. The second and third columns are length-difference thresholds for the cue conditions similar to those of Experiment 1. The fourth and fifth columns are difference thresholds for the set-size conditions. Several points can be made. First, consider the main effects. The cue conditions replicated Experiment 1 by showing a difference between thresholds of 0.31 ±0.05 log min arc; the set-size conditions replicated another study (Palmer, 1988) by showing a difference between thresholds ofO.35±0.08Iog min arc. Second, consider the early-precue control that compared the -5OO-msec cue-delay condition with the set-size-one condition. The mean difference between thresholds for these conditions was -o.04±O.06log min arc, which is not reliable [1(3) = 0.6, p > .1] . A closerlook, however, shows that this difference was reliable for Observer 3, who showed a 0.I9-log-min-arc advantage for the precue condition [t(7) = 7, p < .001]. This is the same observer who was judged to have made consistent eye movements in Experiment 1. Thus, for Observer 3, the potential artifact of an advantage for precues over a single stimulus was found. On the other hand, the other 3 observers showed similar thresholds for the precue and singlestimulus conditions, indicating an absence of eye movement or of attentional artifacts. Third, consider the latepostcue control that compared a 5OO-rnsec cue-delay condition with a set-size-four condition. The mean difference Mean 0.58±0.06 0.89±0.08 0.61±0.01 0.96±0.09 Note-Values are length-differencethresholds in log min arc. For the early-precue control, compare the -5OO-msec cue-delay condition with the set-size-one condition. For the late-postcue control, comparethe 500-msec cue-delay condition with the set-size-four condition.
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between thresholds was not reliable [0.07 ±0.05 log min arc, t(3) = 1, p > .1]. However, this difference was reliable for 2 of the 4 observers (3 and 11). Thus, a 5OO-msec postcue is not always the same as no cue.
Discussion
Consider first the early-precue control. A 5OO-msec precue produced the same difference threshold as a singlestimulus condition in 3 of the 4 observers. Interpreted in terms of attention, the cue allowed a change in attention that was as effective as an absence of distractors. This confirms the effectiveness of the cue as assumed in the usual interpretation of cue-delay effects. If the cue were any less effective than a single stimulus, the cue-delay effect would be attenuated. In Experiment 1, such an attenuation would be evident if a O-msec cue-delay condition were compared with a single-stimuluscondition. Only when precues are used is the cue as effective as a single stimulus.
These results are relevant to the spurious improvement of performance caused by eye-movement or attentional effects in the presence of a precue. Such spurious effects will result in improved performance with precues compared with single stimuli. After all, there is no way to shift attention to the uncued single stimulus before it is displayed. The artifact was found for 1 observer. Certainly, improved procedures are needed to prevent such differences in individual strategy. On the other hand, it is promising that 3 observers did not show an advantage for the precue condition.
Consider next the late-postcue control. A 5OO-msec postcue condition and an uncued condition both elevated difference thresholds, compared with a precue condition, by about 0.3 log units. However, a late postcue was not equivalent to the absence of a cue for all observers. Perhaps a longer cue delay is necessary for this equivalence (see Laming & Scheiwiller, 1985) . In particular, the late postcue may still reduce the memory load relative to the no-cue control for the interval between the cue and the test. Alternatively, this effect may be an artifact of a change in fixation. That is, some observers might have used the late cue to foveate the test stimulus despite instruction to the contrary. Given these possibilities, the conservative conclusion is to recognize only a general similarity between the use of cues and the variation of set size.
GENERAL DISCUSSION
The cue-delay. effect was found in three experiments measuring size and shape discrimination. This finding extends the results of Treisman et al. (1975) and others.
Together, these results demonstrate that the cue-delay effect is not specific to character stimuli. Before considering interpretations of the cue-delay effect, I will relate the present results to those of previous studies.
One reason the cue-delay effect was found in these experiments and not in others is that precues were used here. Consider Schulz's (1980) study. Although similar to the present study, it restricted the cue delays to a range of 0-1,000 msec. Since there was little if any effect of such postcues in the present study, data from Schulz's study and the present study are not in conflict.
The present study also differed from previous studies with respect to observer strategy and degree of practice. The partial-report procedure requires the observer to follow a relatively complicated strategy of using a cue to improve performance. Unfortunately, an observer can choose not to use the cue (see Chow, 1985; Sperling, 1960) . For this reason, it is important to have explicit instructions and extensive practice. It is not obvious that the previous studies trying to generalizepartial report were successful in this regard. In particular, observers in these studies had relatively limited practice: Dernkiw and Michael's (1976) cue-delay study included only 96 trials per observer; Schulz (1980) included at most 720 partialreport trials per observer; Treisman et al. (1975) included more trials, but only 720 trials were run before they excluded some of their observers. In contrast, the present Experiment 1 included at least 3,800 practice trials before an experiment of 1,024 trials.
A related factor is the usefulness of the cue to the observers. In the current experiments, half the cues were precues; in previous studies, all the cues were either simultaneous or postcues. It is perhaps noteworthy that Observer 3 in Experiment 1 reported ignoring the cue after an initial session. Only after further instruction did this observer follow the intent of the experiment and pay any attention to the cue. In summary, previous experiments may not have found a robust cue-delay effect because of inadequate instruction and training of observers.
Interpreting the Cue-Delay Effect
What causes the cue-delay effect? This question is complicated in the present study because much of the effect was for precues. In other words, negative cue delays have at least as large an effect as positive cue delays (cf. Eriksen & Collins, 1969) . The following discussion first considers two hypotheses specific to precues, and then turns to more general hypotheses about the origin of cue-delay effects.
Attention effects during the stimulus display. With a postcue, one can be fairly certain that the effect of cue delay depends on memory of some sort, because the stimulus is no longer present. In contrast, precues may change the processing of the stimulus display, rather than the processing of a memory. For example, observers might shift their gaze or attention to the cued stimulus. Indeed, with the -5OO-msec precue, some observers were judged to make an eye movement. It is not known whether this movement was fast enough to be complete before the stimulus was removed, but it might have been. On the other hand, a -120-msec cue delay leaves little time for either an eye movment or an attention shift before stimulus offset. If such shifts are completed after stimulus offset, they can affect only memory.
The possibility of an attention effect before stimulus offset was addressed by the precue control of Experiment 3.
The idea was to compare a precue condition with an uncued single-stimulus condition. If the precue had engendered an attention shift, then the precue condition should have shown better performance than the single-stimulus condition. Such a difference was not reliably found. The -500-rnsec cue-delay conditionhad about the same difference threshold as the single-stimulus control for 3 of the 4 observers. Nevertheless, further evidence is needed before a memory interpretation of precues is convincing.
The cue processing hypothesis. Why is there a precue effect if it is not an attention shift before stimulus offset? One possibility is that it takes time to process the cue. That is, a memory loss occurs while attention switches to the cued stimulus (see Sperling & Reeves, 1980) . Suppose that a cue is presented simultaneously with the study stimulus. Processing starts on both the cue and the study stimulus and after some critical time (X), the cue is recognized as an indication that one part of the study stimulus is relevant to the memory task. Only at this time does preferential processing begin for the cued part of the study stimulus. It seems likely that by time X the memory for the relevant stimulus has already been degraded. Thus, the processing requirements for the cue cause the cue delay to be an underestimate of the relevant retention interval by an amount X. In other words, the cue delay function should be shifted to the right by adding X to each delay value. A O-msec cue delay is functionally a retention interval of X msec and a -X-msec cue delay is a O-msec retention interval.
This hypothesis abandons a common interpretation of cue delay. Assume that there is a very short-term memory from which information is recoded into a more durable memory. Assume further that in partial-report tasks, the cue is used to guide what information is recoded. Consequently, the cue delay affects the retention time in the very short-term store, and cue delay is interpreted as an indirect manipulation of the retention interval. Such an interpretation cannot be maintained with the cue-processing hypothesis. Cue delay has to be corrected by adding some time for the processing of the cue. Furthermore, the hypothesis of a single and constant processing time must be changed to the more general hypothesis of a distribution of processing times. This further weakens any interpretation of cue delay as being analogous to a retentioninterval manipulation. In summary, the assumption that the cue takes time to process can easily account for the effect of precues; however, such an account complicates the interpretation of cue delay.
Alternative memory hypotheses. The cue-delay effect may be explained by several alternative memory hypotheses. There may be a large-capacity precategorical store that decays quickly (Sperling, 1960) , there may be associations formed between physical attributes and categorical information that are forgotten quickly (e.g., Coltheart, 1980) , or there may be ongoing perceptual processes that can be modified by the cue before they are completed (Haber, 1983; Schulz, 1980) . The present results restrict the form of these hypotheses but do not distinguish among them. For example, by the association hypothesis, information about object identifications (categorical information) as wen as visual attributes is established while a display is present. However, before this information can be integrated into other more durable representations, forgetting begins to occur for associations that relate categorical information to spatial position and other visual attributes. This hypothesis is usually developed to account for the forgetting of categorical information. The present results suggest that associations need to be lost between visual attributes as well as betweencategorical and visual information. In summary, the presence of a cue-delay effect for noncharacter stimuli restricts but does not distinguish among the alternative hypotheses for very short-term visual memory.
Related Questions
Three unresolved questions deserve mention. First, are there any special consequences of making the test stimulus always the standard, as was done in the current experiments? The issue arises because some observers reported using a strategy in which they categorized each study stimulus as being larger or smaller than a memorized standard. Such a strategy may reduce the memory load by allowing an observer to remember only the categorization rather than the stimulus value (e.g., line length). If this does occur, the present experiments may have underestimated the effects of cue delay for a pure memory of the stimulus value. Second, is there a difference between the cue-delay effect for characters and that for noncharacter stimuli? It may be, for example, that visual attributes have no postcue effect as claimed by Schulz (1980) . I think the answer to this question will require better studies of both character and noncharacter stimuli. In particular, character stimuli must be investigated in a fashion that avoids ceiling and floor effects, which may obscure large effects of precues with character stimuli. Third, is the cued discrimination paradigm a measure of informational persistence, or visible persistence (Coltheart, 1980) ? Although the paradigm is modeled after partial report, it also requires a visual judgment similar to that required in integration paradigms (Di Lollo, 1980; Eriksen & Collins, 1967) . To settle this issue, more data are needed on the cued discrimination paradigm and a clearer theoretical distinction needs to be made among different kinds of persistence.
In summary, a cue-delay effect was shown for the discrimination of size and shape information. This supports and extends the work of Treisrnan et al. (1975) , which showed that cue-delay effects in partial report can be found for visual attributes. To account for these results, any hypothesis must allow for memories of visual attributes as wen as for categorical information.
